s e n t i n amorphous metals [ I ] . Among o t h e r experimental methods u l t r a s o n i c waves have proved t h a t they a r e one of t h e b e s t t o o l t o study TLS i n amorphous metals. I p r e s e n t h e r e an extension of previous a c o u s t i c experiments i n amorphous Pd0.775Si0.165C~0.06
[2]. The a t t e n u a t i o n and phase v e l o c i t y change of t r a n s v e r s e a c o u s t i c waves a t f o u r f r e q u e n c i e s from 185 t o 852 MHz have been measured i n t h e temperature range 0.05 t o 90 K . The r e s u l t s a r e shown i n Figures 1 and 2 f o r t h e a t t e n u a t i o n and t h e v e l o c i t y change r e s p e c t i v e l y . The main f e a t u r e s a r e : -i n t h e temperature range below 6 K t h e a t t e n u a t i o n v a r i e s l i n e a r l y with t h e temperature and w i t h t h e frequency. -A t h i g h e r temperatures t h e a t t e n u a t i o n s t i l l i n c r e a s e s , goes through a broad maximum near 20 -25 K and t h e n decreases slowly (Fig. 1 ) . A s i m i l a r peak h a s been p r e v i o u s l y r e p o r t e d i n a Pd0.775Si0.165Ag0.06 sample f o r l o n g i t u d i n a l waves [ 3 ] .
-A t t h e lowest temperatures (T < 2 K ) t h e v e l o c i t y f i r s t i n c r e a s e s roughly l o g a r i t h m i c a l l y when t h e temperature i n c r e a s e s (Fig. 2 ) . T h i s behavior i s now well known f o r amorphous metals [ I ] .
-Then t h e v e l o c i t y goes through a maximum and decreases on a l l t h e temperature range explored (up t o 70 K ) . T h i s decrease cannot be s a i d l i n e a r i f t h e e n t i r e temperature range ( 4 t o 70 K ) i s considered, c o n t r a r y t o what was claimed f o r t h e same m a t e r i a l i n t h e range 4 t o 20 K [41.
2. Theory. -The preceding r e s u l t s a r e explained i n t h e framework of t h e TLS theor y . I r e c a l l h e r e only t h e r e s u l t s u s e f u l t o what follows. D e t a i l s can be found e l s ewhere [1,5]. The resonant i n t e r a c t i o n between TLS and u l t r a s o n i c wave l e a d s t o a vev e l o c i t y change given by Av/v,, = C I n T / T o , where To i s an a r b i t r a r y r e f e r e n c e temperature, ? I , , t h e sound v e l o c i t y , C = y2 / p~: w i t h p t h e d e n s i t y , y an e l a s t i c
deformation p o t e n t i a l and t h e d e n s i t y of s t a t e s o f t h e TLS. Besides t h e resonant i n t e r a c t i o n , t h e e l a s t i c wave undergoes a r e l a x a t i o n a l a t t e n u a t i o n (and d i s p e r s i o n ) .
I n terms of t h e complex change of. t h e e l a s t i c c o n s t a n t c , it i s given by
Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyscol:1981622 where 6 = 1 / k T , E i s t h e s p l i t t i n g between t h e two-levels, r = (Ao/E12 with A, t h e t u n n e l i n g matrix element 153, (11/21i is t h e frequency o f t h e u l t r a s o n i c wave, and T , i s t h e l o n g i t u d i n a l r e l a x a t i o n time of t h e TLS. T, c h a r a c t e r i z e s t h e r e t u r n towards e q u i l i b r i u m of t h e TLS population. I n a metal two channels a r e p o s s i b l e , v i a t h e thermal phonons o r v i a t h e conduction e l e c t r o n s (T = L o r ?' s t a n d s f o r t h e p o l a r i z a t i o n ) and 
Besides t h i s f i r s t r e l a x a t i o n a l e f f e c t t h e a c o u s t i c a t t e n u a t i o n i n amorphous m a t e r i a l s g e n e r a l l y p r e s e n t s a broad peak a t t r i b u t e d t o some a c t i v a t i o n p r o c e s s e s
above energy b a r r i e r s [6] . The corresponding change i n t h e e l a s t i c c o n s t a n t i s given -- 
n(U) dU where E i s t h e r e l a x a t i o n s t r e n g t h , r (U)
i
3.
Interpretation. -The whole s e t o f r e s u l t s p r e s e n t e d i n F i g u r e s 1 and 2 i s described with t h e t h e o r y o u t l i n e d above. C, K , , K g , E , To and 0 a r e used a s f r e e parameters i n t h e numerical computation. I n f a c t C i s given by t h e l o g a r i t h m i c i n c r e a s e o f t h e v e l o c i t y a t t h e lowest temperatures, while t h e product KIC i s d e t e rmined from t h e a t t e n u a t i o n i n t h e same temperature range 121. I t was p o s s i b l e t o o b t a i n a good f i t (shown by t h e s o l i d l i n e s i n Fig. 1 ) of t h e a t t e n u a t i o n r e s u l t s when t h e a t t e n u a t i o n due t o an Arrhenian process w i t h a gaussian d i s t r i b u t i o n o f t h e energy b a r r i e r s was added t o t h e r e l a x a t i o n a l a t t e n u a t i o n due t o t h e TLS. The b e s t agreement was obtained w i t h CT = 5.5
, K 1 = 1.5 101° f' s -l , K3 = 2 l o 8 K -~ s-' , E = 4.4 10-\ ,a = 5 lo-'' e r g and T,, = 3.5 lo-" s .
Then t h e v e l o c i t y change was c a l c u l a t e d w i t h t h e same s e t of parameters. The l o g a r i t h m i c resonant c o n t r i b u t i o n was a l s o added. A good f i t was obtained f o r tempera t u r e s up t o 4 K . A t h i g h e r temperatures t h e observed decrease of t h e v e l o c i t y was f a s t e r t h a n t h e c a l c u l a t e d one. A good f i t (shown by t h e s o l i d l i n e s i n Fig. 2 ) up t o 40 K was obtained when a decreasing term varying a s 1.6 ' T ' was added t o t h e t h r e e preceding c o n t r i b u t i o n s . Such a v e l o c i t y v a r i a t i o n was expected i n a metal a s an e l e c t r o n i c c o n t r i b u t i o n t o t h e e l a s t i c c o n s t a n t [71.
Thus a s a t i s f a c t o r y agreement i s obtained between t h e c a l c u l a t e d curves and t h e experimental r e s u l t s i n PdSiCu f o r both t h e a t t e n u a t i o n and t h e v e l o c i t y change a t v a r i o u s f r e q u e n c i e s i n an extended temperature range. From t h e preceding i n t e r p r e t at i o n a q u e s t i o n a r i s e s . Have t h e TLS and t h e p a r t i c l e s involved i n t h e Arrhenius process a common o r i g i n ?
The procedure given above assumes t h e answer i s negative because t h e d i f f e r e n t c o n t r i b u t i o n s of t h e a t t e n u a t i o n ( o r v e l o c i t y ) a r e added. I n t h e o p p o s i t e c a s e n o t t h e a t t e n u a t i o n ( o r v e l o c i t y ) b u t t h e r e l a x a t i o n r a t e s have t o be added. Such a p o s s i b i l i t y has n o t n e t been explored, b u t it w i l l be t h e purpose of f u r t h e r research.
